The anti-inflam m atory activity of andalusol (ertf-13(16),14-labdadiene-6a,8a,18-triol), a diterpenoid obtain ed from the acetone extract of Sideritis foetens C lem en, has been investi gated. This com pound was able to inhibit acute inflam m atory processes induced by carrageenan or 1 2 -O -tetradecanoylphorbol acetate (TPA ) after oral o r topical adm inistration. Q u an titatio n of the n eu tro p h il specific m ark er, m yeloperoxidase (M PO ), d em onstrated that its topical anti-inflam m atory effect was associated with reduction in neutrophil infiltration into inflam ed tissues. In teractio n of andalusol w ith leukocyte functions and histam ine release from m ast cells was analyzed in vitro. A t a co n cen tratio n o f 100 [.i m andalusol decreased ß-glucuronidase release from calcium ion o p h o re A 23187-stim ulated ra t peritoneal leukocytes. H ow ever, it failed to affect superoxide g en eratio n on T PA -stim ulated leukocytes and it was non toxic to leukocytes up to 100 [xm (assayed in term s of lactate dehydrogenase release). 1987; de las H eras and H oult, 1995).
Introduction
The genus Sideritis (L am iaceae) em braces a great nu m b er of species th a t are traditionally used for their anti-inflam m atory and g astroprotective properties. Several anti-inflam m atory substances have been identified in extracts of p lants from this genus, m ainly flavonoids and terp en o id s (Villar et al., 1984a; Villar et al., 1984b; B arb erän et a l, 1987; de las H eras and H oult, 1995) .
In the presen t study, we re p o rt the in vivo an ti inflam m atory activity of th e diterp en o id andalusol (en/-13(16),14-labdadiene-6a,8a,18-triol) obtained from the acetone extract of Sideritis foeten s C le m en. In addition, the interactio n of this com pound with functional properties of leukocytes (superox ide generation and azurophil g ranular enzym e secretion) and histam ine release from m ast cells was analyzed in vitro as p a rt of the investigations into its m echanism of action.
N othing has been previously rep o rted on the pharm acological effects of andalusol. We have, therefore, attem pted to determ ine if andalusol was responsible for the anti-inflam m atory activity ex hibited by the acetone extract of Sideritis foetens.
Material and Methods

P lant m aterial
The aerial parts of Sideritis foetens w ere col lected in May 1994 in Sierra de G ädor (B erja), A lm eria province (Spain). A voucher specim en has been deposited in the D ep artm en t of Botany, Faculty of Pharmacy, C om plutense U niversity, M adrid (Spain).
Isolation of andalusol
The carrageenan-induced m ouse paw oed em a m odel was used for a guided-bioassay of the a n ti inflam m atory activity.
D ried aerial parts of Sideritis foetens (3 kg) w ere m acerated with 99.5% acetone (12 1) at room te m perature. The extract was evaporated in vacuo to yield 84.8 g of residue. The acetone extract d e m onstrated in vivo anti-inflam m atory activity. This extract ( 1 1 . 8 g) was fractionated by flash colum n chrom atography over a silica gel colum n ( 6 x 80 0939-5075/97/1100-0844 $ 06.00 © 1997 V erlag d er Z eitschrift für N aturforschung. All rights reserved. (R ecio et al., 1994) . A ndalusol, dissolved in 80% aqueous ethanol, was applied topically (at the doses of 0.5 and 1 m g/ear) sim ultaneously with TPA. The left ear (control) received acetone or vehicle. The reference drug, indom ethacin, was a d m inistered at the sam e doses. A fter 4 hours, ani mals were sacrificed by cervical dislocation and a 6 m m biopsy was obtain ed from th e ce n te r of the each ear and im m ediately weighed. The difference in the weight betw een the right tre a te d ear and left ear was used as an index of oedem a. The sam ples were used for m yeloperoxidase (M PO ) m ea surem ents as described below. E ar sam ples w ere hom ogenized in a tissue hom ogenizer system in 750 jil saline and centrifuged (10,000 x g, 15 min at 4aC). M yeloperoxidase ac tivity was m easured in supernatants (Gil e t al., 1995) . The reaction m ixtures contained 50 |il su p ern ata n t, 150 [il phosphate-buffered saline (PBS), 15 [il 0.22 m N aH 2 P 0 4 (pH 5.4), 20^1 0.034% H 2 0 2 and 20 [il 18 mM tetram ethylbencidine in 8 % dim ethylform am ide. A fter 3 min incuba tion at 37 °C, 30 [il of 1.46 m sodium acetate buffer (pH 3.0) was added and absorbances at 630 nm w ere read using a m icrotiter plate reader.
In v itro a ssa y s
L actate dehydrogenase (L D H ) and ß-glucuronidase release from rat peritoneal leukocytes P eritoneal leukocytes w ere elicited from male W istar rats (2 5 0-300 g) as described before S uperoxide g eneration by rat peritoneal leukocytes A liquots of 1 ml rat peritoneal leukocytes, o b tained as above, w ere p reincubated with test com pounds or vehicle for 10 min at 37 °C. They w ere stim ulated with TPA (final concentration 1 (im) at 37 °C. A fter 10 min the reaction was term inated by centrifuging the tubes (400 x g, 10 min 4 °C). Superoxide was estim ated as the reduction of ferricytochrom e c m easured as the change in ab so r bance at 550 nm. These values w ere converted to nm ol 0 2 '/2.5 x 1 0 6 cells x 1 0 min using an extinc tion coefficient of 2.1 x 104 M -1 cm -1. Superoxide dism utase (S O D ) was used as reference com pound (de las H eras and H oult, 1995) .
H istam ine-release from rat peritoneal m ast cells R at peritoneal m ast cells w ere p rep ared as p re viously described (W ang et al., 1995) . Briefly, heparinized Tyrode solution was injected into the p e ri toneal cavity of exsanguinated fem ale W istar rats (2 5 0 -3 0 0 g). A fter abdom inal m assage, the cells in the perito n eal fluid w ere harvested and sep a rated in 38% bovine serum album in in glucosefree Tyrode solution. The cell pellet was w ashed and suspended in Tyrode solution to a final con cen tratio n of 1 0 6 cells/ml.
A liquots of cell suspension (0.5 m l) w ere p re in cubated at 37 °C with vehicle (ethanol) or a n d alu sol for 1 0 min. and then the release reaction was triggered by the addition of stim ulants (com pound 48/80, 10 (ig/ml o r calcium ionophore A23187, 1 |am ). The reaction was term in ated 15 min later by adding ice-cold Tyrode solution and the mix centrifuged 10 min at 1000 x g. The contents of histam ine in the su pernatants w ere assayed fluorim etrically after condensation with o-phthalaldehyde (Shore et al., 1959) and expressed as p erce n tage of the total cellular histam ine after correction for spontaneous release (rarely exceeding 6 % ). The total content of histam ine was m easured after treatm en t of the cell suspension with 5% p erch lo ric acid.
Statistics
D ata values are given as m ean ± S. E. M. For differences betw een controls and treated groups, S tu d en t's r-test for unpaired sam ples was used.
Results
H P L C analysis o f andalusol
To check peak purity, the eluate was m onitored with a photodiode array d etector ()i=190-390 nm ). The peak was considered pure when the three spectra corresponding to the up-slope, apex and dow n-slope was com puter-norm alized, super im posed, and was exact coincidence betw een the th ree spectra (m atch factor > 99.5) (Fig. 1) . 
Carrageenan-induced m ouse paw oedem a
The acetone extract of Sideritis foetens dem on strated significant anti-inflam m atory activity at an oral dose of 350 m g/kg in this m odel, showing p e r centages of inhibition of 29.4, 50.0, 37.0 and 37.5% at 1, 3, 5 and 7 hours after carrageenan injection. O ral adm inistration of andalusol also inhibited the form ation of the carrageenan oedem a. The highest inhibitory effect (44.8% ) was observed 5 hours af te r carrageenan injection at the dose of 60 mg/kg. (Table I) .
M ouse ear oedem a assay
A s can be seen in Table II , topical application of andalusol (0.5 and 1 m g/ear) significantly atten u ated the T PA -induced oedem a. This topical anti inflam m atory activity was confirm ed by quantiting the levels of the neutrophil-specific m arker (M P O ), which was extracted from ears biopsy. These studies revealed th at andalusol significantly inhibited M PO activity by 51.0% and 56.6% at the doses used (0.5 and 1 m g/ear) (Fig. 2) . Indom ethacin effectively inhibited both param eters, as expected.
Effects o f andalusol on leukocyte fu n ctio n s
A ndalusol was tested as p o ten tial inhibitor of various functional responses of activated leu k o cytes (Table III) . This com pound inhibited the re lease of ß-glucuronidase to the m edium at 1 0 0 [am (40.0% inhibition). U p to the higher concentration tested ( 1 0 0 ^m), it did not cause any significant increase of L D H release, so a toxic effect on cells should be discarded. H ow ever, andalusol at 1000 jam caused increased L D H release suggesting toxicity at this top dose.
O n the o th er hand, andalusol did n o t affect su peroxide generation by activated leukocytes. 
Effects o f andalusol on histam ine release fro m rat peritoneal m ast cells
The effects of andalusol on histam ine release from m ast cells induced by com pound 48/80 or calcium ionophore A23187 are illustrated in Figure 3 . A t the highest concentration tested 
Discussion
The p resen t study has dem o n strated that an d a lusol, a d iterp en o id obtain ed from the acetone ex tract o f Sideritis foetens, was able to inhibit experi m ental acute inflam m ation after oral or topical adm inistration. A ndalusol had already been iso lated b efore from this plant (G arcfa-A lvarez and R odriguez, 1980), but to o u r know ledge this is the first re p o rt of the pharm acological activity of this com pound.
A ndalusol show ed significant anti-inflam m atory activity on carrageenan-induced m ouse paw o e dem a at the dose of 60 mg/kg p.o. com parable to indom ethacin ( 1 0 m g/kg p.o.), used as reference drug. W hen andalusol was adm inistered topically, it also decreased the T PA -induced ear m ouse o e dem a, although its activity was low er than indo m ethacin at the sam e doses.
It is know n th a t the acute inflam m atory re sponse is characterized by the accum ulation of leukocytes at extravascular sites. Inflam m atory tis sue destruction is at least partially due to activated leukocytes which produce oxygen radicals and re lease lysosomal enzym es, such as ß-glucuronidase. Therefore, we w anted to determ ine if the anti-in flam m atory effect of andalusol was associated with reduction in neu tro p h il infiltration into the TPAtrea ted ears, assayed biochem ically by accum ula tion of the neutrophil specific m a rk e r M PO. R e sults from these ex perim ents p roved th a t an d alu sol significantly inhibited leukocyte m igration into inflam ed ears at the doses tested.
O n the o th er hand, interactio n of andalusol with functional p ro p erties o f leukocytes was assayed. T reatm ent of leukocytes with andalusol did not af fect the release of superoxide anion induced by TPA. N evertheless, andalusol decreased the secre tion of lysosomal ß-glucuronidase. This effect may contribute to the anti-inflam m atory profile of an dalusol. The inhibition of ß-glucuronidase release was not due to drug induced cytotoxicity, as an d a lusol was non-toxic to leukocytes at th e co n cen tra tions tested.
M ast cell d eg ran u latio n follow ed by the release of histam ine is the first even in th e carrageenaninduced oedem a (D i R osa et al., 1971 ), so we d e cided to investigate if andalusol, such as o th er dit erpenoids (Yosikawa et al., 1996) was able to in hibit histam ine release from m ast cells. In our assays, andalusol show ed inhibition of this re sponse when m ast cells w ere stim ulated by calcium ionophore A23187 or com pound 48/80.
We can conclude th at the observed anti-inflamm atory activity of the acetone extract of Sideritis foetens m ight attrib u ted in p art to andalusol, al though o th er active principles p resen t in the ex tract could also be involved. Studies on interaction of andalusol with o th er inflam m atory m ediators are in progress.
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